Failure of a cytomegalovirus (CMV) real-time PCR assay targeting glycoprotein B (gB) was investigated. A multiplex assay targeting gB and immediate-early 2 (IE2) genes showed discordant results (gB negative and IE positive or a >10-fold-higher viral load with IE primers) in saliva from 14.6% of CMV-infected newborns. Sequencing revealed 3 patterns of gB variations.
Samples were considered to be discordant if the IE2 gene was PCR positive and the gB gene was PCR negative or if the IE2 gene copy number was at least Ͼ10-fold higher than the gB gene copy number. Discordant samples were subjected to PCR amplification of the gB region containing the target sequences using gB forward (CACAGGTTGGTGGCTTTTCT) and reverse (GTCGTGAGTAGCAGCGTCCT) primers. PCR products were sequenced and aligned with CMV sequences retrieved from NCBI GenBank (sequences for AD169, Towne, Toledo, HAN20, and S3 [accession numbers BK000394, FJ616285, GU180092, GQ396663, and GU937742, respectively]) by using BioEdit software (Ibis Therapeutics, Carlsbad, CA). Ten random CMV-positive newborn saliva samples with concordant results between gB and IE genes were also amplified and sequenced. Informed consent was obtained from study participants, and the study was conducted in accordance with the guidelines of the Institutional Review Board of the University of Alabama at Birmingham.
Among the 246 CMV-positive newborns, discordant results were observed for 36 (14.6%) infants. Of the 36 specimens with discordant PCR results, 26 were PCR negative using the gB primers, and the remaining 10 samples showed Ͼ10-foldhigher CMV copy numbers per reaction with IE2 primers than that observed with gB primers. The viral load levels in the 36 specimens are shown in Table 1 . Amplification and nucleotide sequence analysis for the gB target region were completed for 28/36 discordant samples due to sample availability. This analysis showed 3 different patterns of polymorphisms within the target region for the gB primers/probe compared to the reference AD169 sequence. All of the nucleotide substitutions were synonymous mutations (Fig. 1) . Of the 10 samples with concordant results, 2 contained a silent single-nucleotide substitution in the reverse primer target region (Fig. 1, pattern E) . The remaining 8 samples matched the reference AD169 sequence (Fig. 1, pattern D) .
In this study, we demonstrated polymorphisms within the region of the gB gene that were previously thought to be highly conserved. Discordant results, in which IE2 primers/probes detected CMV DNA but gB primers/probes failed, were observed with real-time PCR analysis of newborn saliva specimens in 14.6% of congenitally infected infants. The gB sequence variability of the CMV present in the saliva specimens most likely resulted in a mismatch between our primers and probes, leading to significant lowering of the sensitivity of the real-time PCR assay. Similar findings were also reported by Lengerova et al., who experienced about a 5% false-negative rate with an in-house assay due to mismatches in the target region of primers/probes located within the major immediateearly exon 4 region (12) .
Studies investigating the diversity within genes of CMV (4, 6, 15, 16) have demonstrated extensive variability and that multiple variants can coexist in an individual (14, 17) . Falsely lower copy number readings might be obtained in cases where multiple strains are present in a sample, because minor variants may be detected while the major virus populations might not be detected due to primer/probe mismatch. In addition, infection with multiple virus strains can also lead to the generation of new CMV variants by recombination, and the newly formed variants may not be detected (8) . These findings, in addition to the results of our study, emphasize the importance of selecting primers and probes from highly conserved regions of CMV among different strains in order to avoid false-negative PCR results which could significantly impact clinical care. A significant number of CMV-infected newborns would have been missed if our real-time PCR assay included primers/probes targeting gB alone. Since new polymorphisms are being described on a regular basis, it is important to maintain constant vigilance so that the molecular diagnostic assays remain highly sensitive for the detection of CMV in clinical specimens (11, 13) . Although it may be difficult to completely avoid falsenegative PCR results due to the high diversity of CMV strains, it may be possible to overcome imperfections in the primer/ probe design by the use of degenerate primers for both qualitative and quantitative PCRs (1, 10) . Alternatively, the use of multiplex assays targeting two or more independent target regions, the strategy used in our study, could be another approach to reduce the chances for false-negative results.
